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Abstract
Fiber reinforced polymer (FRP) deck has some significant advantages compared
to concrete deck in use of bridges, such as light self-weight, high stiffness and strength,
good durability and easy to install. FRP deck has already been used in some bridge
rehabilitation and short span bridges. But for widely used in bridges, FRP deck bridges
still need further research. Currently many research efforts focus on the filed tests of
FRP deck bridges. Compared to field tests, Finite element analysis also has great
advantages, such as low cost and convenient to conduct. Therefore, in this thesis finite
element analysis is conducted by ABAQUS on the Boyer Bridge in Pennsylvania. The
finite element model is verified by the static field test result. Then a simplified moving
truck load is applied on the bridge model in order to analyze the dynamic responses of
the FRP deck bridge, including the displacements and stress of each girder at the middle
span. The dynamic effect is shown by comparing the dynamic responses and the static
responses of the bridge. The connection between the FRP deck and girder is very
important to the behavior of the bridge. In this thesis shear studs serve to connect the
FRP deck and girder. This thesis also analyzes the effect of shear studs to the dynamic
responses of the bridge by changing the number of the shear studs.

Key words: Dynamic, FRP deck, Bridge.
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Introduction
Bridges with FRP decks are being explored as a potential system with an
accelerated constructible feature. The characteristics of bridges with FRP decks, such
as mass, stiffness, and damping are significantly different from those of bridges with
traditional concrete decks. Therefore the dynamic response of the FRP-deck bridges is
of a great interest, and is the objective of the current research reported here. Some
researchers have already worked on this area.

Zhang and Cai (2006) studied the load distribution and dynamic response of
multi-girder bridges with FRP decks and concrete decks based on a bridge-vehicle
coupled model. They found that the load distribution factor values and dynamic
response of FRP deck bridges are larger than those of concrete deck bridges. And also
they found that FRP deck bridges with partially composite conditions have a larger
girder load distribution and a larger dynamic displacement than those of the FRP deck
bridges with fully composite conditions. Also they concluded that road roughness and
vehicle velocity significantly affected the dynamic performance.

Chiewanichakorn et al (2006) studied the behavior of a truss bridge where the old
deteriorated concrete deck was replaced with a FRP deck. Using experimentally
validated finite element models to conduct dynamic time-history analysis with an
AASHTO fatigue truck over the bridge. They found that the fatigue life of the bridge
after rehabilitation would be doubled compared to the pre-rehabilitation reinforced
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concrete deck system. In this paper the damping ratio used is 5%, Rayleigh damping.

Aluri et al (2005) studied the dynamic response of three FRP composite bridges
through field tests. They concluded that the lowest damping ratios of FRP bridges in the
test is 5%, which is lower than those of concrete bridges, which have average value of
7.9-8.4%; the acceleration of FRP bridges is high, beyond the serviceability limit of
bridges; the dynamic load allowance factors are mostly within 1998 AASHTO LRFD
bridge specification limits.

Alampalli (2005) tested an FRP slab bridge. He observed the impact factor was
about 0.3. The strains and deflections are lower than those predicted at the design stages.
Higher modal damping values were observed compared to those for typical steel
structures, which reflects the vibration absorbing capacity of FRP.

Daly and Cuninghame (2005) tested a full-scale glass FRP bridge deck under
static and dynamic wheel loading in the lab. The loads were imposed using the TRL
Trafficking Test Facility. They found that FPR deck can resist local wheel loads due to
heavy vehicles for at least 30-40 years without structural damage. And careful attention
is needed to prevent local damage in highly stressed regions of the supporting deck,
such as web to flange connections and close to bearing supports.

Burgueno et al (2001) used vibration-based modal investigations as a
health-monitoring and level I non-destructive evaluation. He found that modal
vibration study was effective for determining the dynamic structural properties of
2

composite bridge system. The modal vibration test data, such as fundamental
frequencies and modal shapes, were successful in determining the changes in structural
behavior due to changes in boundary conditions, as well as structural damage.

In this thesis, a finite element model was built of an FRP deck steel stringer
bridge system using ABQUS. The model is verified by a static field test result on the
Boyer Bridge by Yupeng Luo and Christopher J. Earls (2003). Based on the validated
model, we further analyze the dynamic characteristics of this bridge, including the
frequencies and modal shapes. Then a moving truck load is simplified to add on the
bridge in order to analyze the dynamic responses of the FRP deck bridge, including the
displacements and stress of each girder at the middle span. In this bridge, the FRP deck
and steel stringers are connected by shear studs. The number of the shear studs will
affect the stiffness of the bridge, which may affect the fundamental frequency and
dynamic responses of the bridge. Therefore this thesis also analyzes the effect of the
shear studs to the dynamic responses of the bridge by changing the numbers of the shear
studs.

3

Finite element model
The Boyer Bridge is a short-span (12.649 m) simply supported composite
structure located in a secondary road in PENNDOT Engineering District 10-0. The
cut-away view of Boyer Bridge is shown in Figure 1. It consists of five galvanized
stringers acting compositely with five FRP deck panels. The FRP deck system is
composed of tubes perpendicular to the traffic. The FRP deck and steel girders are
connected by shear studs, which is 610mm spacing between each row. Each row has
two shear studs across the steel girder section. The section and material properties are
shown in the Table 1. A tandem-axle dump truck loaded with sand was chosen as test
vehicle. Wheel loads were shown in the table 2. The truck was located on the second
girder. From the field test, strains at the middle span of each girder were obtained.

Figure 1 Cut-away view of Boyer Bridge
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Table 1 Material properties
Steel stringers (mm)

FRP deck (mm)

Flange thickness(tf) =

19.05

bf =

323.85

tw =

12.70

Spacing =

1752.60

Haunch thickness (t haunch) =

12.70

FRP flange thickness(ttop, tbtm) =

16.76

Deck thickness (td) =

194.56

Esteel =

200000.00

Egrout =

31841.70

Efrp =

17241.40

Modulus of Elasticity (MPa)

Table 2 Test Vehicle Axle Loads
Axle 1(kg)

Axle 2(kg)

Axle 3(kg)

Left side

3,409

4,273

4,136

Right side

4,273

4,702

4,750

Total

7,682

9,000

8,886

Based on the test FRP deck system, the Finite element model was built with
ABQUS. FRP deck is composed of top and bottom facings and core. The facings were
simplified as an isotropic solid plate, which was modeled by eight-node solid elements
(C3D8). To simplify, the contribution of the core to the load resistant is neglected. That
is to say the modular elasticity of the core in the model is 0. The haunch and steel
stringers are also modeled by eight-node and four-node (C3D4) solid elements. Each
girder has forty two shear studs with two shear studs per one row across the girder
section. The shear studs with diameter 22mm and height 150 mm are spaced 610mm
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between the two rows.

The bottom of the girders was simply supported. To exactly model the conditions
in the field test, the truck load position in finite element model is the same as that in
the field test. The centerline of truck was located at the centerline of the second girder.
The front wheels were just off the bridge. In the model each two tires of the truck were
simplified as a rectangular area with length 250mm and width 510mm. In the model,
shear studs and steel girders are modeled as an entire body. Then the shear studs are
embedded into the FRP deck to model the interaction between the shear stud and the
FRP deck. The embedded element technique in ABAQUS is used to specify an
element or a group of elements that lie embedded in a group of host elements whose
response will be used to constrain the translational degrees of freedom of the embedded
nodes.

The interaction between the surfaces of the haunch and the girders are modeled
with “contact” in ABQUS. The “contact” function can model the normal behavior and
the tangential behavior between the surfaces. The normal behavior is set as “hard
contact”, which means the pressure exists between the surfaces. The tangential
behavior is set as “frictionless”, which means there is no friction between the surfaces.
Therefore the shear resistance is provided only by the shear studs in this situation. The
usage of “contact” in the finite element model makes the model more objective. But at
the same time it significantly increases the calculation time. Therefore, the model with
“contact” is analyzed to compare with the result of the model without “contact”.
6

Figure 2 shows the profile, boundary condition and the load condition of the
bridge. In the model the total number of nodes is 27539 and total number of elements is
26451, including 11346 linear hexahedral elements of type C3D8R and 15105 linear
tetrahedral elements of type C3D4 (on the haunch), as shown in Figure 3. From the
calculation of the model, the strain at the middle span of the girders is obtained. Table 3
gives the comparison between the field test results and the finite element results. The
differences between the two results can be accepted. So the finite element model is
verified to do further parameter study.

Figure 2 Model of the bridge

Figure 3 Mesh of the model
7

Table 3 The strain obtained from test and FE
Middle span strain 10^-6

Girder 1

Girder 2

Girder 3

Girder 4

Girder 5

test

-52.3

-64.5

-50.5

-13.1

--

FE

-85

-77.7

-49.61

-19.65

-1.56

test

11.2

16.8

--

9.3

--

FE

6.82

23.1

12.97

0.84

3.87

test

76.6

84.1

59.8

35.5

--

FE

98.64

123.89

75.55

21.32

9.3

top

middle

bottom

Table 4
Middle span strain 10^-6

top

middle

bottom

FE results comparison

Girder 1

Girder 2

Girder 3

Girder 4

Girder 5

contact

-85

-77.7

-49.61

-19.65

-1.56

No contact

-87.41

-84.67

-56.56

-20.57

-1.62

Fully composite

-83.4

-73.8

-48

-20.7

-3.1

contact

6.82

23.1

12.97

0.84

3.87

No contact

15.32

30.99

18.33

2.56

3.74

Fully composite

15.7

32.75

19.2

2.5

4.27

contact

98.64

123.89

75.55

21.32

9.3

No contact

99.52

126.25

78.67

21.57

9.09

Fully composite

98.1

121.8

74.9

20.7

9.1
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Girder No.

0
-10

1

2

3

4

5

-20

-40
-50
-60
case 1:
between
case 2:
between
case 3:

-70
-80
-90

use "contact"
surfaces
without "contact"
surfaces
fully composite

test

-100

Figure 4 Strains at the top of each girder at middle span

140
case 1:
between
case 2:
between
case 3:

120
100
strain(*10^-6)

strain(*10^-6)

-30

use "contact"
surfaces
without "contact"
surfaces
fully composite

test

80
60
40
20
0
1

2

3

4

5

Girder No.

Figure 5 Strains at the bottom of each girder at middle span
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In figure 4 and 5, Case 1 is that the deck and girders are connected by shear studs
and also there is “contact” function between the adjacent surfaces of haunch and girder.
Case 2 is that the deck and girders are connected only by shear studs without “contact”
between the adjacent surfaces of haunch and girder. In other words, nodes of the two
surfaces do not have any functions. Case 3 is that the deck and girders are “tied”
together to model the fully composite behavior of the bridge. In ABAQUS, a “tie”
constraint ties two separate surfaces together so that there is no relative motion between
them. Figure 4 and 5 respectively show the strains at the top and bottom of each girder
at middle span in the three cases and also from the test. It can be concluded that the
strains obtained from modeling with contact between adjacent surfaces is
77.7/84.67=91.8% of that without contact between surfaces. That is to say modeling the
bridge system with contact can get a more exact result. Also it is concluded that the
shear studs in the test bridge provided 73.8/77.7=95% of fully composite action, which
is good enough. There are some differences between the test result and the FE result,
especially of the top strain at the edge girder, which might be caused by the railing on
the edge of the bridge. The difference of the strain at the top of second girder is 17%.
The difference of the strain at the bottom of second girder is 32%, which might be
caused by the diaphragms. In the modeling diaphragms are not considered, which might
make the distribution factor different and the moment in the second girder bigger than
that in real.
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Dynamic analysis
The mass and stiffness between the FRP deck and concrete deck are quite
different, which result the frequencies of the bridge system are different. Therefore this
may generate dynamic problems when the bridge is subjected to live load, such as
moving trucks. Also due to big differences of mass and stiffness between FRP deck and
steel girder, the dynamic response of the bridge may be influenced by the high mode
effect. Therefore, in this paper we analyze the frequencies and modes of this particular
FRP deck bridge to find out whether the high mode affects the dynamic response.
Furthermore, the dynamic response of the FRP deck bridge under a moving truck is
analyzed. By comparing the static response and dynamic response, the dynamic
influence of a moving truck to this bridge can be obtained.

Natural frequencies

Natural frequencies and modal shapes are basic dynamic characteristics of a
system. The modal vibration test data, such as fundamental frequencies and modal
shapes has been successfully used in bridge damage supervision. In ABAQUS, we can
easily use the “linear perturbation analysis step” to get the natural frequencies of the
bridge. In the frequency extraction model, the FRP deck is fully composite with steel
girders. The first ten frequencies are 1.5764, 10.018, 10.806, 13.319, 13.835, 16.217,
16.740, 18.090, 19.811, and 20.933 (unit:Hz), which are transferred to angular
frequencies 9.9rad/s, 62.91 rad/s, 67.86 rad/s, 83.64 rad/s, 86.88 rad/s, 101.84 rad/s,
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105.13 rad/s, 113.61 rad/s, 124.41 rad/s, and 131.44 rad/s. The first three mode shapes
of the bridge are shown in Figures 6-8.

Figure 6

Figure 7

First modal shape (Frequency =1.5764 cycles/time)

Second modal shape (Frequency=10.018 cycles/time)
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Figure 8 Third modal shape (Frequency=10.806cycles/time)
Truck load

Assume the truck travels at 20m/s across the bridge. The bridge length is 12.649m.
The truck length is 5.68m. Therefore the total time for the truck to cross this bridge
would be
Travelling time = (12.649m+5.68m)/20m/s=0.92s

（1）

To simulate a moving truck, the truck is considered to locate at different positions at
different time periods. In the finite element analysis, the total response time is set to
be 3s in order to observe the response after the truck getting off the bridge. The total
time is divided into 10 steps. The duration time of the first 9 steps is 0.1 second at
each step. The last step is 2.1s duration time. The truck is loaded at different position
at each step. Considering the truck starts to travel on the bridge from one end to
another at 0s. Figure 9 shows the position of the truck at each step. At each step, the
truck load is simplified as a step load lasting 0.1s.
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Step 1

t=0~0.1s only the front wheel is on the bridge

Step 2

t=0.1~0.2s the front wheel is 2m from the end

Step 3

t=0.2~0.3s

Step 4

t=0.3~0.4s
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Step 5

t=0.4~0.5s

Step 6

t=0.5~0.6s

Step 7

t=0.6~0.7s

Step 8

t=0.7~0.8s

15

Step 9

Step 10

t=0.8~0.9s

t=0.9~3s

Figure 9 Moving truck load positions
Damping ratio
In this finite element analysis, use Rayleigh damping: c = a0m + a1k
The damping ratio for the nth mode of such a system is: ζ n =

a0 1 a1
+ ωn
2 ωn 2

(2)

(3)

The coefficients a0 and a1 can be determined from specified damping ratios ζ i and

ζ j for the ith and jth modes, respectively. Expressing Eq. (2) for these two modes
in matrix form leads to

1
2

⎡1 / ωi ωi ⎤ ⎧a0 ⎫ ⎧ζ i ⎫
⎢1 / ω ω ⎥ ⎨ ⎬ = ⎨ζ ⎬
j
j ⎦ ⎩a1 ⎭
⎩ j⎭
⎣

(4)

If both modes are assumed to have the same damping ratio ζ , which is reasonable
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based on experimental data, then
a0 = ζ

2ωiω j
ωi + ω j

a1 = ζ

2
ωi + ω j

(4)

Then the damping matrix is known from EQ. (2). The damping ratio ζ is chosen
to be 5%. Assume the first and fifth modes have the same damping ratio, then the
coefficients a0 and a1 can be obtained, as shown in Table 5.
Table 5 Damping coefficients
Damping ratio
5%

ζ

ω1 (rad/s)

ω5 (rad/s)

a0

a1

9.9

86.88

0.0889

1.033E-4

Dynamic responses

The simplified moving truck load is added on the verified bridge model to
obtain its dynamic responses. In order to investigate the influence of connection
between FRP deck and girder to the dynamic response of the bridge, finite element
analysis in four cases is conducted. 1) The FRP deck and girders are fully composite
with shear studs inside, carried out by using “tie” constraint between the FRP deck and
girders in ABAQUS. 2) Similar with case 1, but without shear studs inside. 3) The FRP
deck and girders are partially composite by shear studs, carried out by using “contact”
interaction between the FRP deck and girders in ABAQUS. 4) The FRP deck and
girders are partially composite with the number of shear studs reduced by half. Under
static load, the displacement at middle span of the second girder is 7.2mm in
fully-composite condition of the bridge. Figure 10-14 show displacements at middle
17

span of each girder in case 1. Figure 15-19 show stress at bottom of each girder at
middle span in case 1. Figure 20-24 show displacements at middle span of each girder
in case 2. Figure 25-29 show stress at the bottom of each girder at the middle span in
case 2. Figure 30-34 show displacements at middle span of each girder in case 3. Figure
35-39 show stress at bottom of each girder at middle span in case 3. Figure 40-44 show
displacements at middle span of each girder in case 4. Figure 45-49 show stress at
bottom of each girder at middle span in case 4.

Figure 10 The displacement of girder 1 at middle span in case 1

Figure 11 The displacement of girder 2 at middle span in case 1
18

Figure 12 The displacement of girder 3 at middle span in case 1

Figure 13 The displacement of girder 4 at middle span in case 1

Figure 14 The displacement of girder 5 at middle span in case 1
19

Figure 15 The stress of girder 1 at middle span in case 1

Figure 16 The stress of girder 2 at middle span in case 1

Figure 17 The stress of girder 3 at middle span in case 1
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Figure 18 The stress of girder 4 at middle span in case 1

Figure 19 The stress of girder 5 at middle span in case 1

Figure 20 The displacement of girder 1 at middle span in case 2
21

Figure 21 The displacement of girder 2 at middle span in case 2

Figure 22 The displacement of girder 3 at middle span in case 2

Figure 23 The displacement of girder 4 at middle span in case 2
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Figure 24 The displacement of girder 5 at middle span in case 2

Figure 25 The stress of girder 1 at middle span in case 2

Figure 26 The stress of girder 2 at middle span in case 2
23

Figure 27 The stress of girder 3 at middle span in case 2

Figure 28 The stress of girder 4 at middle span in case 2

Figure 29 The stress of girder 5 at middle span in case 2
24

Figure 30 The displacement of girder 1 at middle span in case 3

Figure 31 The displacement of girder 2 at middle span in case 3

Figure 32 The displacement of girder 3 at middle span in case 3
25

Figure 33 The displacement of girder 4 at middle span in case 3

Figure 34 The displacement of girder 5 at middle span in case 3

Figure 35 The stress of girder 1 at middle span in case 3
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Figure 36 The stress of girder 2 at middle span in case 3

Figure 37 The stress of girder 3 at middle span in case 3

Figure 38 The stress of girder 4 at middle span in case 3
27

Figure 39 The stress of girder 5 at middle span in case 3

Figure 40 The displacement of girder 1 at middle span in case 4

Figure 41 The displacement of girder 2 at middle span in case 4
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Figure 42 The displacement of girder 3 at middle span in case 4

Figure 43 The displacement of girder 4 at middle span in case 4

Figure 44 The displacement of girder 5 at middle span in case 4
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Figure 45 The stress of girder 1 at middle span in case 4

Figure 46 The stress of girder 2 at middle span in case 4

Figure 47 The stress of girder 3 at middle span in case 4
30

Figure 48 The stress of girder 4 at middle span in case 4

Figure 49 The stress of girder 5 at middle span in case 4
From the figures above, the maximum and minimum displacements of each girder
are drawn in the 4 cases, shown in Table 6~10. The maximum and minimum stresses of
each girder are drawn in the four cases, shown in Table 11~15. In the Table 6~10, “-”
means the displacement is downward. In Table 11~15, “-” means stress is in
compression. In order to reflect the changes of the maximum and minimum
displacements of each girder in different cases, the column graphics are drawn, as
shown in Figure 50~54.
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Table 6 The displacements of Girder 1 at middle span
Displacement

Case 1

Case 2

Case 3

Case 4

Max (mm)
Min (mm)

7
-13.57

2.5
-15.95

13.33
-10.56

11.26
-11.18

Table 7 The displacements of Girder 2 at middle span
Displacement

Case 1

Case 2

Case 3

Case 4

Max (mm)
Min (mm)

8.38
-14.05

0
-16.58

14.5
-11.07

11.31
-11.42

Table 8 The displacements of Girder 3 at middle span
Displacement

Case 1

Case 2

Case 3

Case 4

Max (mm)
Min (mm)

7.99
-9.55

0
-11.26

12.25
-7.15

9.81
-7.63

Table 9 The displacements of Girder 4 at middle span
Displacement

Case 1

Case 2

Case 3

Case 4

Max (mm)
Min (mm)

9.36
-7.69

2.39
-5.58

13.36
-6.45

10.23
-6.97

Table 10 The displacements of Girder 5 at middle span
Displacement

Case 1

Case 2

Case 3

Case 4

Max (mm)
Min (mm)

10.54
-7.80

0
-11.26

11.41
-7.75

11.21
-8.09

Table 11 The stress of Girder 1 at middle span
Stress

Case 1

Case 2

Case 3

Case 4

Max (MPa)
Min (MPa)

62.89
-34.66

64.43
-9.38

63.88
-39.01

62.92
-32.52

Table 12 The stress of Girder 2 at middle span
Stress

Case 1

Case 2

Case 3

Case 4

Max (MPa)
Min (MPa)

72.89
-41.51

73.56
-4.34

71.23
-48.05

65.92
-30.53
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Table 13 The stress of Girder 3 at middle span
Stress

Case 1

Case 2

Case 3

Case 4

Max (MPa)
Min (MPa)

46.87
-38.07

47.28
-1.54

47.7
-41.24

46.15
-31.69

Table 14 The stress of Girder 4 at middle span
Stress

Case 1

Case 2

Case 3

Case 4

Max (MPa)
Min (MPa)

36.71
-45.01

22.47
-11.03

41.07
-48.47

40.16
-36.29

Table 15 The stress of Girder 5 at middle span
Stress

Case 1

Case 2

Case 3

Case 4

Max (MPa)
Min (MPa)

35.98
-48.39

15.19
-12.42

46.55
-38.68

43.76
-41.34

15

Displacement (mm)

10

Upward Displ.
Downward Displ.

5
0
1

2

3

4

-5
-10
-15
-20
Case No.

Figure 50 The extreme displacements of Girder 1
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Figure 51 The extreme displacements of Girder 2
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Figure 52 The extreme displacements of Girder 4
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Figure 53 The extreme displacements of Girder 4
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Figure 54 The extreme displacements of Girder 5
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4

Conclusions
A three-dimensional finite element model of a fiber-reinforced polymer deck
bridge is developed based on the use of commercial software ABAQUS. A simplified
static truck load is added on the bridge to obtain its response. Comparison of finite
element analysis results against field test results indicates that the model can be used
to perform extensive parametric study. Based on the verified model, a moving truck
load is added to analyze dynamic responses of the bridge. This study investigated its
dynamic responses in four conditions: deck and girder fully composite with/without
shear studs inside, deck and girder partially composite, deck and girder partially
composite with shear studs reduced by half. From finite element analysis the
following conclusions can be drawn:

1) In static analysis, finite element results show that the bridge has got 95%
composite action. However, the finite element results of dynamic response in fully
composite condition and partially composite condition have significant differences.
This indicates that the connection status between FRP deck and girder has much more
influence on the bridge responses under dynamic load than that under static load. This
also shows finite element model used to conduct dynamic analysis requires more
attention to make sure it correct.

2) In dynamic response, the moving truck not only causes downward
displacements but also large upward displacements in partially composite condition.
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The downward displacements of each girder are larger in fully composite condition
than those in partially composite condition. However, difference between the upward
and downward displacements of Girder 2 is 54% larger in partially composite condition
than those in fully composite condition, which cause more discomfort to passengers. In
free vibration phrase after the truck load removed, the displacements of bridge in fully
composite condition damps out quickly. However, the bridge in partially composite
condition still has large vibration in that period.

3) When the number of shear studs is reduced by half, the maximum upward
displacement of Girder 2 is 22% (1-11.31/14.5=22%) smaller than that with the full
number of shear studs. The frequency in the free vibration phrase in the dynamic
response is reduced by half. This is caused by that the bridge becomes more flexible
when the shear studs are reduced. Therefore the natural frequency of the system is
reduced. More vibration energy is dissipated during the vibration. This indicates that if
the bridge is partially composite, reduction of shear studs is helpful for the dynamic
response.

4) In fully composite condition with shear studs inside the girder (case 1), the
upward displacement is larger than that in fully composite condition without shear
studs inside (case 2). But the downward displacement in case 1 is smaller than that in
case 2. The value of displacement in case 1 is between that in case 2 and case 3.
Therefore, in the Finite element analysis it is very important how to simplify the
modeling part. For example, whether to include the shear studs or not in the finite
37

element modeling will cause obvious differences to the results. To verify the finite
element modeling, the results should compare with the field test results.

Based on the analysis results, when the FRP deck is used in bridges, it is
recommended that connection between FRP deck and girders should be strengthen to
have a fully composite condition in order to minimize the dynamic responses. In
addition, in the dynamic analysis with finite element model, the calculation takes about
four days to finish three seconds response of the bridge. So it is very important to
simplify the model in order to reduce the calculation cost. If the time is enough, we can
extend the response time of the bridge until the dynamic response damps out.
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